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EXPRESSION OF GENES IN TRANSGENIC PLANTS 

The present invention relates to the expression of 
genes in transgenic plants. in particular it describes the 
isolation and use of DNA sequences which permit a high 
level of expression of foreign genes in transgenic plants. 

The ability to isolate and manipulate plant genes has 
opened the way to gain understanding about the mechanisms 
involved in the regulation of plant gene expression. This 

knowledge is important for the exploitation of genetic 

engineering techniques, applied to problems such as the 
expression of genes in genetically manipulated crop plants. 
A large number of examples are now in the literature of 
plant DNA sequences which have been used to drive the 
expression of foreign genes in plants. in most instances 
the regions immediately 5' to the coding regions of genes 
have been used in gene constructs- These regions are 
referred to as promoter sequences- They may be derived 
from plant DNA; or from other sources, e.g., viruses. It 
has been demonstrated that sequences up to 500-800 bases in 
most instances are sufficient to allow for the regulated 
expression of foreign genes* This regulation has involved 
tissue-specif icityj regulation by external factors such as 
light , heat treatment, chemicals and hormones; and 
developmental regulation . 

These experiments have been carried out using gene 
fusions between the promoter sequences and foreign genes 
such as bacterial promoter genes, etc. 

Although regulation has been observed this has been 
hampered by two factors: 
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1. 



The loir lev*! of expression observed f or the 
transgene in comparison with the endogenous gene ln " Let 
-stances expression of the transgene has beeT 
approximately 1- 10 % of the expression achieved when the 
same promoter drive, the endogenous gene. Thls h * s led to 
the suggestion that sequences internal to genes may a so I 
important for efficient expression. This has been 
supported b y experiments in which complete genes including 

In To*\ rS9 r fi " 83 C ° ding regi ° nS haVe »"* ^1 

« blot transformation experiments. The influence of 

sequences surrounding the introduced transgene on the level 

of expression which can be achieved is normally refer: 



w« MiULwuucea into plants a 

expression levels comparable with that of an endogenous 
*ene. Ia practice, promoters may be chosen for gene 
constructs because of their induction pattern, e.g. their 
tissue specificity or temporal pattern of expreesLn 
However, tbe level of expression of the transgene is" 
usually critical, if the desired promoter cannot give a 
h.gh enough level of expression it will „ ot be useful. 

2. Great variation exists in the level of expression 
of transgenes between different transformed plant liJs 
It not clear why this should be'so: it may be another 

1121 T I Y " WUCh " tW ° " dera ° f »^itude. 

Thus a large number of transformants may need to be 

analysed before one exhibiting the desired expression 
level can be identified. 

These two factors make it very costly and time- 
consuming to use known promoter constructs for practical 
genetic plant engineering. "icai 
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The object of the present invention is to provide 
novel plant gene constructs which when used to transform 
plant cells give a high and reliable expression of the 
inserted gene. 

5 According to the present invention we provide a DNA 

construct for use in transforming plant cells which 
comprises an exogenous gene under the control of upstream 
promoter and downstream terminator sequences, characterised 
in that the upstream promoter is a DNA sequence of not less 

10 than about 5 kilobases that is homologous to the DNA 

control sequence found upstream of t he tomato 

"~ — " polygalacturonase gene 7 Preferably that the downstream 

terminator is a DNA sequence that is homologous to the DNA 
control sequence of about 1.6 kilobases found downstream of 

15 the tomato polygalacturonase gene. We further provide 

plant cells transformed with such constructs, and plants 
containing or composed of such cells • 

By the term 'exogenous gene r we indicate a stretch af 
DNA adapted to be transcribed into functional RNA under 

20 the action of plant cell enzymes such as RNA polymerase. 
Functional RNA is RNA which affects the biochemistry of 
the cell: it may for example be mRNA which is translated 
into protein by ribosomes; or antisen&e RNA which inhibits 
the translation of mRNA complementary to it into protein. 

25 In principle all kinds of exogenous genes are useful in the 
present invention. The gene may for example be a marker 
gene such as gus; a gene coding for an insecticidal protein 
such as the ^-endotoxin from Bacillus thur ingiensis ; or a 
gena_ conferring herbicide resistance, e.g. to glyphosate or 

30 to a herbicide inhibiting the ALS pathway. A very wide 
variety of functional exogenous genes is known from the 
literature, and the present invention is applicable to 
these as well as to many others. As well as 
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types of functional Rm, tor exa.pl. antlsen.e m« 

* " f»« rtLZ^" =^ 1 — to fro. 

trait ripening genes such as polygalacturonase . 

««- f,.t „ PCe „ ion oc trjiiat :i ™ : n : h ai, ° 

Dart * Wa "' h ° Vin » th « "« s.,uence as 

Part of th. gene. The pr ... nt lnventl0 „ 

1» 9—r.t. such - a . ns . „. ana thecaby iOOTre y 9ni e a ^" d 
Plant cells according to th. invention -y be 
transformed with construct, of the invention according to 
. »«»*, of known method, (^acterl™ T1 " 

15 .in'rT";^' 01 ^"" 0 "' ^"Lansf! „. d 

cexis may then in suitable c&s*« « 

Plsnts in „hicb the „.» ^^T^ ™' 

incor P or.t.d into th. genome. Both transformed .Loot and 

°*f b ° i- thi. way. although th 

latter are usually more ...y to r.gen.rat.. 

found 11 leidln ' " '""-"on „ „. v . 

IZ '-T 1 """*""'" 0t P^^^cturon..: 
9.n. psr.it th. regular expression of foreign „„., in 
tomato piant. at , hi , h lml . „. hav . pr ^ t J~* " 

25 described the isolation of overlapping clone, of t > 

isniaf^ cxones of tomato dna 

lilt. < V * 9 * n0 " 1C libraCy ««»°««««> m Em.13 
bacteriophaoe. „. ^ , lso di5clo ,. <1 ^ 

1-45 s 0 promoter fragment which ,iv.s fruit-specific „d 

III. ■ M ° l - 1988,. I. 

ZllZ ° 0n *" UCt « d « •« .dditionai vector on. of 

"hich has gl v.n high level, of expression of a foremen, 
in tomato fruit. The expression lev,!, obtained a« of Z 
«- crder as those obtained for th. endogenou^ ,„ "en. 

r^":::::^- - — — 
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The invention will be further described with 
reference to the drawings, in which: 

Figure 1 is a diagram of DNA vector pCB13; 
Figure 2 is a diagram of DNA vector pCBl7? 
Figure 3 is a diagram of DMA vector pCB19. 

The following Examples illustrate the invention. 



EXAMPLE 1 

A. Construction of PCB13 > 

The PG (polygalacturonase) promoter region in plasmid 
pCBl (Bird et al Plant Molecular Biology 11, 651-662, 1988) 

10 was extended by the addition of a 3.5 KG fragment from 

genomic clone g«TOM23 (deposited on 5 December 1986 at the 
National Collections of Industrial and Marine Bacteria, 
Aberdeen, Scotland, NCIHB Accession Number 12373) . The 7.3 
KB sall/Bamfll fragment adjacent to the left arm of lambda 

15 EWBL3 in gTOM23 was cloned into the Sall/BamHl sites of 
pUC8 to give plasmid pGTOM23.7.3. The 3.5 kb Hindu I 
fragment from pGTOM23.7,3 was isolated and cloned into the 
Hindlll site of pCBl . Plasmids with the correct 
orientation of the 3.5 kb Hindlll insert contained a 4.9 kb 

20 sall/Baml fragment. One such clone was designated pCBl3 
(Figure 1). 

B. Construction of PCB17. 

A 1.6 kb region from the 3' end of the tomato PG gene 
was substituted for the nopaline synthase polyadenylation 
sequence in pCBl (Bird et al Plant Moleculac Biology 11, 
25 651-662, 1988), 
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The 5.8 kb Sali/Baam fragment adjacent to -h • 

Sall/Baaai sites of ducb h« „• Aonecl the 

i « - give P la «*i<i PGTOK23 5ft «u 

1.6 kb Bain fr«n».-». * fUAurwj.a.B. The 

9111 fragment from DGTOM23 5 ft • . 

cloned into the BamHl site of Zeis P1 ^ 
correct orientation of the 1 6 TLx* * ^ ^ 

550 bp Xbal/BstEIl fragment J! ! \ ""^ COntained - 
A3/1. 9 nt * ^ SUch cl °™ vras designated 



15 



20 



25 



A 2.2 kb Hindlll/pvul was j- 

chlora-eh.hloo:! acetyl tran.f.r... (cat) " a " d 
cloned lllt0 Blal9 „ ^d.^J" 1 ' 8 ™ 5 - »« 

fillin, of t „. coh .. iv . enda ^ *•««« * 

.-.b.eou.ntjy d lg ., t .d with Hindzil 

* b H lnalIVPVUI ftajMnt contai^ r b j^^ 2 - 2 

i—rt «. de t i 9 nat.d pCBl, " th ' C °"«« 

□ucl.otid.T"" C ° n " r ' ,oti '"' " *»« ™. cheeked by 
hn ! " que »" »»«lY«ia of the (aaamld DN A at j! 

boundary b. tw . en th . „ » ^ " . 

un.xp.et.d r.glon of th. Bi„l 9 po ly i lnJ[ „ r 
have re Mln .d , t ^ junctlon . * ' J^f '° 

"n"k.ly to tht.rf.re with th. correct lL£ . 

Ih . ae^.hc. „ £ PCB1 , ln of the 

Xbai 

^.CCGrCCCCGTGCATGCCTGCAGGTCGACT^ 



Constrncfcinn 0 f 



PCB19 
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The PG promoter region in plasmid pCBl7 was extended by the 
addition of a 3,5 kb fragment from genomic clone gTOM23 
(NCIKB Accession Number 12373). 

The 3.5 kb Hindlll fragment from pGTOM23.7-8 was 
5 cloned into the Hindlll site in pCBl7. Plasmids with the 

correct orientation of the 3,5 kb Hind AYE insert contained 
a 4.9 kb Sall/Baml fragment. One such clone was designated 
pCB19 (Figure 3). This is a construct according to the 
present invention. 

EXAMPLE 2 

10 Generation -of transformed plants 

The vectors pCB13, pCB17 and pCBl9 were transferred to 
Agrobacterium tumef aciens LBA 4404 (a micro-organism widely 
available to plant biotechnologists) and were used to 
transform tomato plants. Transformation of tomato stem 

15 segments followed standard protocols (e.g., (Bird et al 
Plant Molecular Biology 11, 651-662, 1988). Transformed 
plants were identified by their ability to grow on media 
containing the antibiotic kanamycin. Plants were 
regenerated and grown to maturity. Ripening fruit were 

20 analysed for expression of the CAT gene (Bird et al Plant 
Molecular Biology 11, 651-662, 198B). 

Table 1 shows the results of a comparison of plants 
transformed with the previously defined PG promoter (Bird 
et al., Plant Molecular Biology 11, 651-662, 1988) and 

25 plants transformed with the newly described vectors. 
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TABLE 1 



CAT Expression in Transgenic Plants 



VECTOR 



pCBl 
PCB13 
PCB17 
PCB19 



PROMOTER 



1.45 Kb 
5 Kb 
1.45 Kb 
5 Kb 



END 



nos 
nos 

1.8 kb PG 
1.8 Kb PG 



CAT 

units/ng protein 

0.66 

0 

0.85 

1456 



Measurements of cat and pg »rna indicated that the 

main tl ^ Pr ° teln is the san e order IV 

magnitude as pg expression. 
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10 



15 



20 



we claim: 

1. DMA construct for use in transforming plant cells which 
comprises an exogenous gene under the control of 



characterised in that the upstream promoter is a DNA 
sequence of not less than about 5 kilobases that is 
homologous to the DNA control sequence found upstream 
of the tomato polygalacturonase gene. 

2. Construct as claimed in claim 1 in which the downstream 
terminator sequence is homologous to the DNA control 
sequence of about 1.6 kilobases found downstream of the 
tomato polygalacturonase gene* 

3. Construct as claimed in either of claims 1 or 2 in 
which the exogenous gene codes for an insecticidal 
protein. 

4. Construct as claimed in either of claims 1 or 2 in 
which the exogenous gene generates antisense RNA. 

5. A plant cell comprising a DNA construct claimed in any 
of claims 1 to 4 and adapted to transcribe RNA from the 
exogenous gene. 

6. A plant cell as claimed in claim 5 in which the RNA 
transcribed is mRNA which is subsequently translated by 
the cell into protein. 

7. A plant cell as claimed in claim 5 in which the RNA 
transcribed inhibits production of a protein produced 
by the cell. 



upstream promoter and downstream terminator sequences , 
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8. A plant cell as claimed in claim 7 in which the rma 
transcribed is antisense to the mKNA of the protein of 
which production is inhibited. 

9. Plants comprising cells claimed in any of claims 5 to 
8; and seeds and progeny thereof ♦ 



n 
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